
EuropAisches 
Patentamt 



European 
Patent Office 



Bescheinigung Certificate 



rui/iu U5 / U 4 8 8 8 

04.12.03 



Office europten 
des brevets 



Attestation 




Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich efngerelchten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europdischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



documents fixte d 
cette attestation sont 
conformes d la version 
initialement d6poste de 
la demande de brevet 
europten sp^dfite d la 
page suivante. 



Patentanmeidung Nr. Patent application No. Demande de brevet n' 



02079945.8 



PRIORITY 
DOCUMENT 

SUBMITTED ORTRANSMnTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



Der PrSddent des Europdisciien Patentamts; 
im Auftrag 

Fcr the President of the European Patent Office 

Le President de rOffice europtoi des brevets 
p.0. 




R G van Dijk 



EPA/EP0A>EB Fonn 1014.1 - 02.2000 7001014 



BEST AVAIL^^LE COPY 




EuropSlsches EuropMn 
p^ntamt Patent Offleo 



Office europton 
das brevets 




Annteldung Nr; 

Application no,: 02079945.8 
Oeiiiande no: 



Anineldetag: 

Date of filing: 22.11.02 
Date de dfipdt: 



Anmel der/Appl 1cant{ s)/Deinandeur( s): 

KonlBkllJke Philips Electronics N.V- 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 

Dezelchnung der ErflndungAltle of the inventlon/Tltre de T Invention: 
^am die B^^^^ der Erflndung nicht angegeben 1st, slehe Beschrelbung 

If no title Is shown please refer to the description. 
SI aucun titre n«est Indlqu^ se referer i la description.) 

Method of manufacturing a curved display 

In Anspruch genonmene Prloriat(en) / Priori ty(les) claimed /Pr1or1t6(s) 

revend1qu£eCs) ^. . ^ a-. 

Staat/Tag/Aktenrelchen/State/Date/Flle no./Pays/Dat^/Nun»6ro de d6p6t: 



Internationale Patentlclassif Ikatlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 

602F1/00 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flllng/Etats contractants d6s1gn6es lors du d^pot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL FT SE SK TR 



0207994S.8 

EPA/EPO/OEB Form 1014.2 - 01.2000 7001014 



2 



PHNL021164EPP 



1 21.11.2002 

Method of inaxLU&ctuiiBg a curved display 



This invention relates to a method of manufacturing a curved display device. 
The invention also relates to a curved display device. 

There is today a fast growing market for different types of flat displays^ such 
as liquid crystal displays, polymer light emitting displays, organic light emitting displays and 
5 so on, and the number of applications for such displays are constantly growing. Many of 
these display types have a conamon stmcture, and essentially comprise two substrates, 
commonly of a glass or polymer-based material, and a layer of optically controllable 
material, arranged between the substrates. As an alternative, the display may be built on a 
single substrate. Moreover, the above-mentioned layer of optically controllable material may 
10 for example be a liquid crystal layer or a light emissive layer. Also, the display usually 
comprises some type of electrode means in order to control the optically controllable 
material. 

In certain application fields, such as mobile applications, advertising and so 
on, there is an increasing demand of flexible displays, which may for example be rolled up in 

15 order to require less space, or bendable displays. However, a problem with the display types 
described above is that they, due to the substrates and in some cases also the electrodes, are 
quite rigid and exhibit a low tolerance for bending stresses. Hence, the fleTcibility and 
bendability is limited by the materials of the display device. 

One prior art method of manufacturing a bended display, in the present case a 

20 liquid crystal display, is disclosed in the patent application document WO 94/1 1779. This 

application is concerned with a method for manufacturing a curved display by sandwiching a 
liquid crystal cell between two pre-shaped curved substrates. However, a problem v^th this 
method is that it is practically very difficult as well as expensive to maintain a homogeneous 
cell gap between the two pr^shaped substrates, which affects the optical properties of the 

25 display device. Moreover, a separate shaping tool must be manufactured for each product that 
is to be produced, in order to provide different curvatures of the display device. Hence, the 
above method is not suitable for mass^-production of display devices. Moreover, pre-shaped 
parts, as is used in the above method, requires either some thickness or a three-dimensional 
shape, such as a double curved shape, in order to keqp its shape. This is imdesirable since this 
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either adds thickness to the display or requires a more conq>Hcated production process. An 
alternative way of manufacturing a curved display is discussed in the same document as 
referred to above. According to this method, a curved display is achieved by manufacturing a 
display usmg two flexible substrates, between which a Uquid crystal layer is sandwiched. 
Subsequently the display is curved by placing flexible device, being constituted by the 
flexible substrates, as well as the Uquid crystal layer, between two pre-shaped parts. Even if 
this alternative method overcome the problem with the homogenous cell gap discussed 
abov^ it still exhibits several of the otha: drawbacks mentioned above, such as the need for 
separate shaping tools. An alternative way of manufecturing curved displays is therefore 
desired. 

Hence, an object of this invention is to overcome at least some of the 
drawbacks with the prior art mentioned above, and to provide a display that may be 
manufactured in a comparatively cost-efficient and flexible manner. 

This and other objects are at least partiy achieved a method of man\ifacturing a 
curved flat panel display, comprismg the step of adhering, at least a first fihn to the surface of 
a second film, m such a way that the fihns are held in a curved shape by means of the 
adhesion between the fihns. By the invention, an easy and straightforward method of 
manufacturing a curved display is achieved. By letting the adhesion itself keep a display in a 
curved state, pre-shaping of parts is not necessary, thereby avoiding some of the drawbacks 

with the prior art mentioned above. 

Preferably, one of said films is a display layer exhibiting display functionality, 
and the other one of said fihns is an additional fihn. Thereby, a curved display may in 
principle be formed by manufacturing a flat panel display on per se known manner, and 
thereafter curve the display by adhering an additional fihn to it. It shall be noted that flie term 
"display layer" as used here m shall be understood as a layer containing an electro-optical 
layer, which may be controlled so as to provide display functionality, such as picture and/or 
text reproduction. 

According to a first preferred embodiment of the invention the method fiuther 
comprises the step of pre-tensioning said additional fihn before it is adhesred to the surfece of 
said display layer. By thereafter releasing a pretension force &am the additional fihn, the 
contraction of the additional fihn will cause a curving of the display device in a simple and 
straight-forward manner. As an alternative, the step of pr©-tensioning said additional fihn 
comprises the step of uni-axiaUy stretching said additional fihn, during tiie adhering process. 
Thereby, curving of the display in one dimension is achieved. 



PHNL021164EPP 

3 21.11.2002 
According to a second preferred embodiment of this invention, the step of 
adhering the fihns to each other comprises the stqp of applying a bending force to one of said 
fihns, in which position the other film is bent and adhered to a surface of the bent film. 
Preferably, said additional fihn is arranged to be adhered to one of an intended inner or outer 
5 side of flie curvature of the flat panel display, in order to shift a neutral line of the display into 
the additional film, whereby sensitive parts of the display layer is positioned in or close to a 
compression zone. 

Preferably, said adhering of the additional fihn to the display layer is done by 
means of laminating, being a suitable and straight-forward adhesion method for this purpose. 

10 The above and other objects are also at least partly achieved by a curved flat 

panel display device, comprising a first and a second film, being characterised in that the first 
and second films are adhered to each other, whereby the adhesion between said films is 
arranged to hold the display device in a curved shape, having the same advantages as 
mentioned above. Suitably, the first and second film is an additional fiUm and a display layer, 

15 respectively. 

According to a first preferred embodiment of the invention, said additional 
film is arranged to cover essentially the entire surface of the display layer, giving a 
mechanical support to the entire display. Alternatively, wherein said additional filin is 

arranged to only partly cover parts of the surface of the display layer, whereby the neutral 

» 

20 line for the display may be shifted for parts of the display, for example comprisinig brittle 
parts. For example, said additional fihn is arranged essentially along an edge of the display 
layer surface. In order to furfhw customise the mechanical behaviour and the neutral line of 
the display, the additional film may have a varying thickness. 

Preferably, the thickness of said additional fihn is selected to shift a plane of 

25 essentially zero tensile or compressive stress of the display device upon bending of the 
display device to a desired plane of the display device cross section. 

Suitably, said display device is one of an Uquid crystal display device, an 
electrophoretic display device, an e-ink device, a polymer light emitting disfplay device or an 
organic light emitting display device. However, the invention may be used with any flat panel 

30 display device technology, exhibiting the desired flexibility. Moreover, said additional 
layerfilm may further be arranged to function as at least one of polariser, a fix>nt light, a 
backUght, a brightness enhancing film, a reflector film, an anti-reflection film or a retardation 
film. Thereby, by letting the additional film be an active part of the functionality of the 
display layer» the total tiiickness of the display device may be reduced. 
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Other advantages and embodiments of this invention are apparent fiom the 
description below. 

The invention will hereinafler be described by means of preferred 
embodiments thereof, with reference to the accompanying drawings. 

Fig la-le illustrates cross section views of the manufacturing of a curved flat 
panel display device according to a first embodiment of the invention. 

Fig 2a-2e illustrates cross section views of the manufacturing of a curved flat 
panel display device according to a second embodiment of the invention. 

Fig 3a-3e illustrate cross section views of five different implication patterns for 
the additional fihn or the additional films according to this invention. 

A first preferred ^bodiment of the present invention will bereioafter be 
described with reference to fig la-le. In accordance with the inventive method for 
manufacturing a curved display illustrated by fig la-le a first and a second fihn to be adhered 
together in order to form the display are provided. The first fihn is in the case disclosed in fig 
la-le an additional fihn 1, according to the invention, while the second fihn in this case is a 
display layer 2, comprising display functionality. Both the additional fihn 1 and tiie display 
layer 2 will be described in closer detail below. The inventive method for manufacturing the 
curved display comprises in this embodiment the following steps. First, the additional fihn 1 
and the display layer 2 are provided (fig la). Subsequently, one of the fihns, here the 
additional fihn 1 is uni-axially stretched (fig lb). Thereafter the uni-axially stretched 
additional film 1 and the display layer 2 are joined togetha: and adhered to each other (fig Ic 
and fig Id). This adhesion may for example be performed by a lamination process between 
the additional fihn and the display layer. For example, the adhesion between the layers may 
be made by means of a pressure-sensitive adhesive. However, if a more form-stable 
construction is desired, the adhesion may for example be made by means of a reactive glue or 
the like. In this adhered state, as disclosed in fig Id, the pre-stretching of the additional fihn 1 
will result in a corresponding contraction of the additional film 1, as tiie pre-stretching force 
is released. Due to the adhesion of the display layer 2 and the additional fihn 1, this 
contraction results m a bendmg of the display, as is disclosed in fig le, and as long as the 
resulting display is not under hafluence of a force, this bending will remain unchanged. 
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Hence, the display may be said to be constituted by two fihns, or originally un-curved layers, 
being held ia a curved shape by means of the adhesion between the fihns. 

As will be understood, the above method facilitates easy adjustment of the 
curvature of the resulting display, in order to fit the display for various appUcations. By 
providing different amounts of pr^stretching to the additional fihn 1, different curvature of 
the resulting display is achieved. Moreover, it is possible to provide the additional fihn 1 with 
a pre-stretching being uneven over the surface of the fihn, which after adhesion results in a 
display having a varying curvature, in order to further customise the fit of the display. 
Moreover, this flexible shying of the display may be done without using special moulds or 
the Uke, which facilitates manufectuxing of the inventive display. 

A second preferred embodiment of tihie present invention will hereinafter be 
described with reference to fig 2a-2d. In accordance with the method for manufacturing a 
curved display iUustrated by fig 2a-2d a first and a second fihn to be adhered together in 
order to form the display are provided. The first fihn is in the case disclosed in fig 2a-2d, an 
additional film 1 1, according to the invention, while the second fihn in this case is a display 
layer 12, comprising display fimctionality. It shaU however be noted that in this embodiment, 
the fimctions of the respective films may be interchanged. Both the additional fihn 1 1 and the 
display layer 12 will be described in closer detail below. The inventive method for 
manufacturing the curved display, comprises in this embodiment the following steps. First 
the additional fihn 1 1 and the display layer 12 is provided (fig 2a). One of the fihns, in the 
illustrated case the display layer 12, is subjected to a bending force, by means offeree 
appUcation means (not shown) (fig 2b). While said bending force is appUed to the display 
layer 12, the additional fihn 1 1 and the display layer 12 are joined together and adhered to 
each other (fig 2c and fig 2d), whereafter the force applied to the display layer 12 may be 
released. The above adhesion may for example be performed by a lammation process 
between the additional fihn and the display layer. As is seen in fig 2c and 2d, the fihn is 
applied on the outer curvature surface of the fihn that is subjected to the bendmg force. Due 
to the adhesion of the display layer 12 and the additional fihn 1 1, the above process results in 
a bended display, as is disclosed m fig 2d. However, when the bending force is released &om 
the laminated display device, the device wiU spring back somev<iiat, and receive a somewhat 
larger radius of curvature, as is disclosed in fig 2e, and as long as the resulting display is not 
under influence of a force, this bending will remain unchanged. This spring-back effect is dw 
to the stiffiiess of the fihns forming the display, and the amount of spring-back is donunantiy 
depending on the tidckness and the Young's modulus of the inherent films. 
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Hence, the display may be said to be constituted by two films or originally 
non-precurved layers, being held in a curved shape by means of the adhesion between the 
films. In the corresponding way as described above> Hds method of manufacturing a curved 
display is flexible when it comes to the shape and curvature of the resulting display. For 
5 example, it is possible to use a force application means that provides a varying bending force 
over the surface, hence resulting in a display having a varying curvature over its surface. 
Even if the above described example has a fihn adhered to the outer curvature of the display, 
it is also possible to apply the film on the inner curvature of the display. In both cases, the 
adhesion of the additional layer may be advantageous in that tiie display layer, in which the 

10 display effect is arranged to take place, may be placed in a plane of zero or low stress, 

depending on the stracture of Hie display device. However, if certain optical components are 
to be integrated with the additional film, a certain position of the additional film may be 
necessary. For example, having the additional film on the fi*ont side of the display allows 
integration with optical films such as polarisers, anti-refiection films and so on. It is also 

15 possible to adhere additional films both to the inner and outer curvature of the display. An 
example of such a constmction is displayed in fig 3e. 

The display layer 2, 12 in accordance with the above-described embodiments 
of this invention may have various configurations. For example, the display layer 2, 12 may 
be constituted by a liquid crystal cell, essentially comprising a layer of liquid crystal material 

20 being sandwiched between a first and a second flexible substrate. According to one 

alternative, the display layer may be constituted by a polymer light emitting or an organic 
light emitting display layer. Alternatively, the display layer may be constituted by an E-ink 
display layer. However, the invention is not limited to the above display layer types, but the 
display layer may in fact be constituted by any display means, being sufficiently flexible for 

25 the desired bending of the entire display. However, it shall be noted that the addition of the 
additional film 1, 1 1 to the display layer 2, 12 in the inventive manner shifts the neutral line 
of the bended display. Thereby, it is possible to arrange so that firagile parts of the display 
layer end up in a zone of the bended display that experiences near zero t^isile or compressive 
stress or is under compression (i.e. on the inner side of the curvature of the display). By this 

30 arrangement, fragile parts of the display layer 2, 12, such as fimctional brittle layers (e.g. 

conductive layers, such as ITO or permeation barrier layers, like fiised silica or alumina), that 
predominantiy &il when a too large tensile extension is applied on the layer, may end up in 
the compression zone, thereby improving the mechanical behaviour of the bended display, 
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and also improving the allowed noaximal radius of curvature for the constniotion, as 
compared to a display layer without an applied additional fihn. 

In both embodiments described above, the additional film 1,11 may be 
constituted by an essentiaUy homogeneous layer being applied over essentially the entire 
surfece of the display layer 2, 12. Such an exanq)le is shown in cross-section in fig 3a. 

In case the additional fihn is pre-stretched, it results in compressive stresses in 
the display layer. This increase of compressive stresses is advantageous in cases when the 
display layer comprises hritUe or very britfle layers, such as thin glass microsheets. By 
^plying a full, pre-stretched layer at both sides of the display layer, as indicated in fig 3e the 
display layer may be placed under full compressive stresses, while the desired curvature may 
be obtained by the combination of the pre-stretch of the two additional layers. 

Altematively, the additional fihn 1,11 may be constituted by a strip layer, 
only being apphed along the edges of the display layer 2, 12. Examples of such strip layers 
are disclosed in cross section in fig 3b-3c. Other appUcation patterns are also possible, hi the 
case of a strip layer as described above, the strip may either have a equal thickness (fig 3c) or 
have a varying thickness (fig 3b, 3d). The application of a strip layer above and near a bend 
edge of the microsheet as defined above, shifts the neutral Une near the bent edge shift in the 
direction of, or even mto the additional strip layer. Hence, tiie maximal tensile force on the 
edge upon bending is reduced, or even transferred to a complete compressive load upon 
downward bendmg as mdicated in fig 3b-3d. hi this way, as will be described above, a 
smaller bendmg radius may be allowed without damagmg components of the display layer, 
being built on the microsheet 

The additional fihn 1, 1 1 is m accordance with fliis invention either a fihn 
fully separated fi-om the fimction of the display layer 2, 12, or a fitei having a fimctional 
relationship with the display layer 2, 12. 

In the first-mentioned case, the additional film 1,11, may be constituted by a 
polymer fihn, for example a polymer layer of about 300 mm (B=2.0 GPa) bemg apphed on a 
50 fim thick microsheet substrate. Alternatively, the additional fihn may comprise a fibre- 
reinforced polymer, or polymer strip, the fibre dhrection preferably bemg in the lengtti 
direction of the ship. Such a strip is preferably appUed around the edges of a microsheet as 
described above. As yet an example, a metal strip may be adhered along the edges of the 
microsheet The thickness of the metal fihn is approxunately the same (or sU^tly lower) 
than the thickness of the microsheet As one example, a 30 /tm thick steel strip may be 
appUed on a 50 /tm thick microsheet As an alternative, the metal strip may be made by a 
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memory metaL THe latter has the advantage that the display may be laminated to the strips of 
the memory material while flat, and the display is formed by letting tiie memory material 

spring back to its memorized shape. 

to the second-mentioned case, the additional fihn 1, U may form a functional 
part of the display layer 2, 12, i.e. may constitute one or more components that are necessary 
or advantageous for the display function of the display layer 2, 12. In this way, the total 
thickness of the display device may be reduced. For example, the additional film 1, 1 1 may 
be formed to function as a ficont or a back Ught, depending on the desired curvature of the 
display. Alternatively, the additional fihn 1, 11 may have integrated fimctionality for 
fimctioning as a brightness enhancement film, a retardation layer or a polariser. Other 
alternatives are also possible, depending on the type of display layer used. 

It shall be noted that many variations and modifications of this invention are 
possible for tHe man skilled in the art. For example it shall be noted that the invention is not 
to be limited by the definition of a display layer and an additional fihn, but may in fact be 
used for any number of layers of any fimction in a display device. Moreover it shall be noted 
that tbe term flat panel display as used herem shall be construed as a display using a dasplay 
technology such that the thickness of the display is comparatively small, as opposed to for 
example a display using cathode ray technology. It shall be noted that the flat panel display 
device is to be defined as a device exhibiting electro-optical fimctionaUty. and the device 
may be used primarily for display purposes or alternatively, or as a complement, act as a Hght 

source for illumination purposes. 

It shall also be noted that the term ' W as used herein shall be construed as a 

flexible layer or fihn, having a larger extension in two dimensions and a relatively small 
ext^sion in one dimension. Hie fihn or layer is flexible and do not have a pre-defined shape, 

25 and may for example be a fihn of a polymer or glass material. 

Further, it shall be noted that in the above description of fig 2a-2e, the term 
. W" is used to desc^be the shaping of the display. However, this tenn is to be construed as 
including any shaping of the display device resulting in the desired bent shape. For example, 
the first film may be elastically bent by puttmg the first fihn in a mould, having the desnred 

30 shape. Subsequently, the second fihn is appUed over the first fihn. while the first fihn is still 
in the mould. Thereafter, when the adhesion between the htyeis has occurred, the mould is 
removed. As a consequence of the stiffiiess of the material, as described above, the curved 
laminated display device will spring back a Uttle, so that the radius of curvature of the display 
win be larger than for the mould. 



20 
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Finally, it shall also be noted that a curved display may also be achieved in 
accordance with the invention by combining the bending and pre-stretching st^s desmbed 
above. In this case, the additional fflm may for exiample be pre-stretched, before it is bent in 
order to adjust the position of the layer with low of zero tensile or compressive stress of the 
display device. Moreover, several fihns of layers may be laminated together in accordance 
with the invention. For example, several additional fihns may be used in order to improve the 
mechanical behavior of the display device, or to adjust the position the plane(s) of low or 
zero stress in the display device. 



10 
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CLAIMS: 



1 • A method of manufacturing a curved flat panel display device, comprising the 

step of adhering, at least a first film to the surface of a second film, in such a way that the 
films are held in a curved shape by means of the adhesion between the films. 

2. A method as in claim 1, wherein one of said films is a display layer exhibiting 

display functionality, and the other one of said layerfihns is an additional filTn 

3- A method as in claim 2, finther comprisiag the step of pre-tensioning said 

additional film before it is adhered to the surface of said display layer. 

4. A method as in claim 3, wherein the step of pre-tensiorung said additional film 

comprises the step of uni-axially stretching said additional filrn , during the adhering process. 

5- A method as in claim 2, 3 or 4, wherein the step of adhering the fihns to each 

other comprises the step of applying a bending force to one of said fihns, in which position 
the other film is bent and adhered to a surface of the bent film. 



6. A method as in any one of the claims 2-5, wherein said additional film is 

arranged to be adhered to one of an intended inner or outer side of the curvature of the flat 
panel display. 



7. A method as in any one of the claims 2-6, wherein said adhering of the 
additional film to the display film is done by means of laminating. 

8. A curved flat panel display device, comprising at least a first and a second 
film, characterised in that the first and second films are adhered to each other, whereby the 
adhesion between said films is arranged to hold the display device in a curved shape. 



PHNIj021164EPP 

II 21.11.2002 

9. A display device as in claim 8, wherein the first and second film is an 

additional fihn and a display layer, respectively. 

10. A cxjrved display device, being manufectured in accordance with any one of 
5 the claims 1-7- 

11. A display device as in claim 9 or 10, wherein said additional film is arranged 
to cover essentially the entire surface of the display layer. 

10 12. A display device as in claim 9 or 10, wherein said additional fihn is arranged 

to only partly cover parts of the surface of the display layer. 

13. A display device as in claim 9 or 10, wherein said additional fihn is arranged 

essentially along an edge of the display layer surfece. 

^^14. A display device as in any one of the claims 9-13, wherein the additional fihn 

has a varying thickness. 

15 A display device as in any one of the claims 9-14. wherein the thickness of 

20 sa^d additional film is selected to shift a plane of essentially zero tensile or compressive stress 
of the display device uponbendmg of the display device to a desired plane of the display 
device cross section. 

16 A display device as m claim 9-15, wherein said display device is one of an 
25 hquid crystal display device, ah electrophoretic display device, an e-ink device, a polymer 

Ught emitting display device or an organic Ught emitting display device. 

17. A display device as m claun 9-16, wherein said additional fihn fiirther is 

arranged to fimction as at least one of polariser. a fix>nt Ught, a bacMight, abrightness 
30 enhancing fihn, a reflector fihn, an anti-reflection fihn or a retardation fihn. 
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ABSTRACT: 



This invention relates to a method of manufactuiing a curved flat panel display 
device, comprising the step of adhering, at least a first fUm (1, 11) to the surface of a second 
film (2, 12), in such a way that the fUms (1, 1 1; 2, 12) are held in a curved shape by means of 
the adhesion between the fihns(l. 1 1; 2, 12). The invention also relates to a curved flat panel 
display device, comprising at least a first and a second fihn, characterised in that the first and 
second fihns are adhered to each other, whereby the adhesion between said films is arranged 
to hold the display device in a curved shape. 

Fig. lA-lE 
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Fig. 3a 





Fig. 3b 





Fig. 3c 





Fig. 3d 
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